Electrode cleaning. To clean the Au electrodes, as well as to make Au surfaces uniform on a molecular level, the electrodes were subjected to an oxidation-reduction cycle in 0.5 M H 2 SO 4 between -0.1 and +1.9 V vs. normal hydrogen electrode (NHE) at a scan rate of 0.1 V s −1 for just two cycles only, avoiding the agglomeration of AuNPs and their disappearance from the surface (Supporting Fig. S1 ). We recently demonstrated that the process underlying a simple method for the fabrication of 3D nanostructured Au electrodes from AuNPs is based on electrochemically driven transformation of physically deposited AuNPs into a genuinely 3D nanostructured material. 2 Thus, to avoid the formation of AuNP aggregates in the current studies, we used submonolayer coverage of surface with AuNPs, as well as limited electrochemical treatments of the electrodes to just two CV scans.
Microscopy of Au electrodes. Scanning electron microscopy (SEM) images of bare and AuNPmodified Au electrodes before and after electrochemical cleaning were made using FEI xtNova NanoLab 600 SEM infield immersion mode at 15 kV accelerating voltage and 2.2 nA beam current. Atomic force microscopy (AFM) images were obtained in water at room temperature (25°C), by operating the AFM in the peak force tapping ® (PFT) mode, i.e. when force curves are constantly performed at a constant rate equal to 2 kH, and the maximum load exerted on the sample is constantly and automatically minimised. When operating in the PFT ® mode, triangular silicon nitride cantilevers with nominal spring constant 0.7 N m -1 , resonant frequency in air of 150 kHz and nominal tip radius of 20 nm were employed (vide infra). Analysis and processing of AFM images was performed with the WSxM software. 3 The standard image processing consisted of plane subtraction and/or equalisation. All samples (electrodes) were placed in the AFM liquid cell immediately after electrochemical cleaning and biomodification and were not allowed to dry at any moment to avoid possible enzyme deactivation. (S1)
The microscopic roughness factors ( ) were calculated from Supporting Eqn. S2. 25°C). By taking into account the pI value of the enzyme, which is close to 4 (vide infra), one can conclude that the protein was negatively charged during immobilisation. It should be emphasised that the electrodes did not dry out at any time during modification and electrochemical investigations to avoid possible enzyme deactivation due to its dehydration. 
is the number of electrons in the slow electrochemical step, is the Faraday constant, is ' n F 0 k the standard heterogeneous ET constant, is the surface concentration of the enzyme, α is the Г charge transfer coefficient, E is the electrode potential, E ‫׳0‬ is the equilibrium potential of the electrode process, R is the gas constant, and Т is the temperature in K.
If intramolecular ET (IET) is not a limiting step of the enzymatic process of O 2 bioelectroreduction (our previous studies of MvBOx showed that this was the case at pH 7.4, ref. 5 ), the bioelectrocatalytic current ( ) can be expressed as the electrochemical form of the 
here, is the steady-state diffusion current, is the total number of electrons, is the 
diffusion limitation (vide infra).
In the present work, recorded CVs were analysed using the kinetic scheme recently elaborated by Climent et al. 7 If one does not take into account limitations due to O 2 mass transfer to the electrode surface, both and can be described based on the kinetic scheme presented below:
Supporting Figure S2 . A kinetic scheme representing the bioelectrocatalytic mechanism of a blue multi-copper oxidase function (Supporting Fig. S3 , heterogeneous catalysis, right panel, according to Ref. 7 ).
The equations defining the currents are as follows:
where k 1 and k 2 are potential dependent DET rate constants defined by the Butler-Volmer formalism (Supporting Eqns S4, S8, and S9), whereas P1 represents a fraction of adsorbed MvBOx molecules with the reduced T1 copper centre (detail concerning MvBOx structure are presented below).
The maximal bioelectrocatalytic current of O 2 electroreduction, as well as current dependence on the applied potential, can be described by the following summarised equation: Fig. 3a) and basic parameters of bioelectrocatalytic reduction of O 2 were calculated (Supporting 
Section 4: AFM studies
The Au grains were completely covered by globular features with average lateral dimensions of ca. 20 nm, when concentrated enzyme solution (4 mg mL -1 ) was used for biomodification ( (Fig. 2c in the main text) , which exhibited lateral and vertical dimensions of ca. 20 nm and 3.0±0.8 nm, respectively. As in the case of fully covered samples, the molecules exhibiting larger lateral dimensions than those expected for single molecules can be attributed to tip dilation effects. 9 The MvBOx molecules exhibiting a lower height than that expected (ca. 5 nm; vide infra) can be attributed to tip compression effects. 10 It is important to emphasise that no desorption of MvBOx from the electrode surface was registered by AFM when modified electrodes were kept in buffer solution for 1 h, indicating that the adsorption of the enzyme on Au has an irreversible character. These results are in very good agreement with our recently published data concerning interfacial behaviour and the activity of MvBOx on bare polycrystalline gold surface. 11
Section 5: Ellipsometry studies
The adsorption of MvBOx onto bare Au was studied in situ by means of null ellipsometry, which measures changes in the polarisation of light reflected by a surface. The Au surface was vertically mounted in a glass trapezoid cuvette (Hellma, Germany) containing 4 mL of solution, which was thermostated at 25°C and stirred using a magnetic stirrer with a rotation speed of 325 rpm. The changes in ellipsometric angles were recorded in situ every 15 sec. In order to determine the refractive index of the Au surface, a four-zone surface calibration in buffer solution was carried out prior to each measurement. When enzymes were to be adsorbed on the electrochemically cleaned Au surface, first, a stable baseline acquisition was done, and then a dilute solution of MvBOx (0.25 mg mL -1 ) was added to the cuvette to a final volume of 4 mL.
The formation of protein films was monitored for 60 min, followed by rinsing with enzyme-free buffer solution for 5 min. From ellipsometric data, the adsorbed amount per unit area ( , in mg S3 ). [13] [14] [15] Myrothecium verrucaria bilirubin oxidase (MvBOx) preparation (Amano 3) was received from Amano Enzyme Inc. (Nagoya, Japan) as a kind gift from the company. The preparation was additionally purified at the Bach Institute of Biochemistry (Moscow, Russia). The MvBOx solution used in the present studies is thus a highly purified preparation of the enzyme (to avoid possible artefacts related to impurities in enzyme preparation) with only one minor band in SDS-PAGE of a lower molecular mass, which, based on previous studies, 8 can be attributed to some degradation products of the enzyme (Supporting Fig. S4 ).
Homogeneous system

Heterogeneous systems
Cu-T1 Supporting Figure S3 . Crystal structure of (PDB 2XLL) and schematic representation of two mechanisms of MCO functions during homogeneous and heterogeneous reactions. Protein globule -green ribbons; copper ions -blue spheres, and carbohydrates -black sticks.
Section 7: Redox enzyme
MCO is a glycated protein with a molecular weight of 59 kDa. The approximate molecular weight for MvBOx is given since many significantly different values can be found in the literature for this enzyme, ranging e.g. from 52.0 kDa in ref. 16 up to 64.2 kDa in ref. 8 However,
according to SDS-PAGE (Supporting Fig. S4 ), the MvBOx used in our studies has a molecular weight of about 59 kDa, which is a good average value taking into account reports existing in the literature. The crystal structure of the redox enzyme is presented in Supporting Fig. S3 . Based on the structure, one can estimate the size of MvBOxto be 405060 Å. 17 The pI value of MvBOx was previously found to be 4.1. 16
Supporting Figure S4 . SDS-PAGE of MvBOx preparation used in the present studies (Mmolecular mass rulers).
kDa 44kDa 24kDa M MvBOx 59kDa
The specific activity of MvBOx in homogeneous solution was determined by estimation of the initial rates of O 2 consumption using an Oxygraph Clark O 2 electrode with constant stirring at room temperature (25C). The general reaction mechanism is presented in Fig. 3d were of analytical grade and used without further purification. Molecular O 2 was obtained from AGA Gas AB (Sundbyberg, Sweden). Buffers and all other solutions were prepared using deionised water (18 Mcm) purified with a PURELAB UHQ II system from ELGA Labwater (High Wycombe, UK). The measurements were performed at room temperature (25ºC) using PBS.
Electrochemical measurements were carried out using a µAutolab Type III/FRA2 potentiostat/galvanostat from Metrohm Autolab B.V. (Utrecht, The Netherlands). While using a
